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Risk of Pore Water Ammonia Toxicity in Dredged Material Bioassays (MP D-95-3)

ISSUE: In the past, ammonia has been treated
as a contaminant of concern; but because it can
exert toxicity effects, based upon whole sedi-
ment and elutriate toxicity tests, the potential of
ammonia toxicity was evaluated.

RESEARCH: To evaluate the potential of hy-
drogen sulfide toxicity in dredged material bio-
assays, a literature review and survey were con-
ducted. Data collected included pore water ex-
posure concentrations and effects concentrations
of laboratory studies.

SUMMARY: The comparison of reported expo-
sure and effects concentrations suggests signifi-
cant potential for ammonia toxicity in dredged ma-
terial bioassays.

AVAILABILITY OF REPORT: The report is
available on Interlibrary Loan Service from the
U.S. Army Engineer Waterways Experiment
Station (WES) Library, 3909 Halls Ferry Road,
Vicksburg, MS39180-6199; telephone (601)
634-2355.

To purchase a copy, call the National Technical
Information Service (NTIS) at (703) 487-4780.
For help in identifying a title for sale, call (703)
487-4780. NTIS report numbers may also be
requested from the WES librarians.
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1 Purpose

Ammonia is a highly toxic, naturally occurring constituent of sediment pore
water. It is not treated as a contaminant of concemn for the regulatory evalua-
tion of dredged material since it undergoes rapid oxidation and dilution during
dredging and disposal. Because dredged material is evaluated using effects-
based tests (i.e., whole sediment and elutriate toxicity tests), there is the
potential for ammonia to exert toxicity and confound the regulatory decision-
making process. This report evaluates the potential for ammonia toxicity in
dredged material bioassays.
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2 Approach

To characterize the potential for ammonia in dredged material bioassays,
two types of information are required—exposure concentrations (i.e., concen-
trations of ammonia reported for sediment pore water) and effects concentra-
tions (i.e., levels of ammonia shown to induce adverse effects in aquatic
species). To collect exposure information, an extensive literature survey of
published pore water concentrations of ammonia was conducted. In addition,
information was requested on measured levels of ammonia associated with
dredged material from every U.S. Army Corps of Engineers (USACE) Division
and District. Information on exposure concentrations included reported con-
centration units, associated physical/chemical parameters (e.g., salinity, grain
size, and total organic carbon), depth of sediment collection, and method of
pore water collection and analysis. Literature was also reviewed for effects
concentrations of ammonia shown to produce adverse effects in laboratory
studies with aquatic species. Effects information included end points (e.g.,
lethality, growth, and reproduction), the concentration resulting in lethality or
other effects in 50 percent of the test organisms (i.e., the LCs, or ECy,, respec-.
tively), the no observable effect concentration (NOEC), and the lowest observ-
able effect concentration (LOEC) reported.
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3 Background

Ammonia is a commonly occurring chemical that can exert toxicity at rela-
tively low-concentrations on fish and other aquatic organisms. Its presence in
the environment may arise from sewage and industrial effluents, agricultural
runoff, or as a naturally occurring metabolic by-product (Williams et al. 1986;
Campbell 1973). '

Ammonia is found in natural waters in both the un-ionized (NH;) and the
ionized (NH,) form. Ammonia toxicity results primarily from the un-ionized
fraction rather than the ionic component (Armstrong et al. 1978; U.S. Environ-
mental Protection Agency (USEPA) 1984; Williams et al. 1986). The aqueous
ammonia equilibrium is strongly dependent upon pH and temperature and to a
lesser degree on ionic strength (Hampson 1977; Thurston, Russo, and
Vinogradov 1981). Other factors that have been found to contribute to the
toxicity of ammonia are low concentrations of dissolved oxygen, low levels of
carbon dioxide (when pH levels are high), and salinities above and below
blood isotonicity (European Inland Fisheries Advisory Commission (EIFAC)
1973). Concentrations of the un-ionized form increase with elevated tempera-
ture, pH values, and salinity (Bower and Bidwell 1978). Thurston, Russo, and
Emerson (1979) found that 3 percent of total ammonia is in the un-ionized
form in fresh water at a pH of 8.0 and temperature of 27 °C; in seawater at the
same pH and temperature, 4 percent was in the un-ionized form. These
parameters must be considered when identifying the form of ammonia that is
responsible for toxicity. The USEPA (1989) has established chronic and acute
water quality criteria for un-ionized ammonia in freshwater and marine sys-
tems. In freshwater systems, the un-ionized ammonia average chronic criterion
is 0.02 mg/¢ (1.2 pM/e); for marine systems, the criterion is 0.04 mg/¢
(2.3 pM/0). Acute criterion values were reported as low as 0.08 mg/¢
(4.7 pM/0) for freshwater systems, while for marine systems, acute criterion
was 0.5 mg/ (29.4 nM/0). The most sensitive organisms to ammonia are
salmonids in freshwater systems and mysids, shrimp, and fish in marine
systems.

Ammonia shows little tendency to sorb into sediments because of the high
ionic concentration of salts present in marine pore water, the comparatively
low concentration of ammonia, and the low sorption tendency of ammonia
compared with the salts in pore water (Jones-Lee and Lee 1995). Under these
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conditions, ammonia associated with sediment is usually dissolved in pore
water.

There are a number of methods for the collection of pore water. Three of
the most common methods are centrifugation, squeezing, and the use of in situ
diffusion samplers. With the centrifugation method, aliquots of sediment are
centrifuged, usually at low speed (e.g., 1,800 x g), for a set period of time
(usually 15 to 30 min). Following centrifugation, pore water is decanted.
Squeezer methods utilize a hydraulic or pneumatic collection device to squeeze
an undisturbed sediment sample (core) under pressure, forcing pore water from
the sediment through a filter membrane into a collection vessel. Diffusion
samplers rely on simple diffusion of aqueous ammonia over time through a
semipermeable membrane of a container placed directly in the sediment. Other
collection methods include use of syringes, hand-suction pumps, and pipette
samplers. These methods involve inserting the collection device into the sam-
ple and extracting pore water through a filter under vacuum.

The most commonly used methods for chemical analysis of ammonia in
water include colorimetric techniques (e.g., nesslerization and phenate method)
that rely on spectrophotometric analysis. Titration and use of ion selective
electrodes are also common analytical techniques for ammonia analysis (Amer-
ican Public Health Association (APHA) 1985). Two major factors that influ-
ence the selection of methods are ammonia concentration and interferences
(e.g., glycine, urea, glutamic acid, cyanates, acetamide, hydrazine, some
amines, ketones, aldehydes, and alcohols). The Nessler method is sensitive
down to 0.02 mg NH;-N/¢ (1.2 pM/0) and, under optimal conditions (no
interferences), up to 5 mg NH;-N/¢ (293.6 uM/f). The manual phenate
method has a range of 0.01 mg NH;-N/¢ (0.6 pM/0) to 0.5 mg NH,-N/¢ (29.4
nM/0). The phenate method can also be automated. Titration is useful for
concentrations greater than 5 mg/¢ NH,;-N (293.6 pM/0). A potentiometric
method using an ion-selective electrode is applicable to a range of 0.03 to
1,400 mg NH,-N/¢ (1.7-80,000 pM/0).
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4 Exposure Data

Pore water concentrations of ammonia were obtained from 39 publications
covering 152 sites in freshwater, estuarine, and marine environments around
the world. Sample locations are shown in Figure 1.

A summary of ammonia concentrations reported for sediment pore water is
given in Table 1. Where concentrations were represented as total ammonia
(i.e., ionized plus un-ionized) concentrations were converted to the un-ionized
form based on reported pH, salinity, and temperature. When the necessary
data (e.g., pH, temperature, and salinity) were not available, the following
values were assumed: pH = 7.5, temperature = 20 °C, and salinity (0 for
freshwater, 20 ppt for estuarine, and 30 ppt for marine systems). Conversions
were made using the equation of Hampson (1977). The term “ammonia” is
used throughout this paper to refer to the un-ionized form (NH,). For compar-
ative purposes, all reported ammonia concentrations were converted to micro-
moles per liter. Of the sites included in the literature review, 30 percent (47 of
152) were freshwater (i.e., salinity <1 ppt) with ammonia concentrations rang-
ing from 0.12 to 25.7 pM/¢. Approximately 34 percent (51 of 152) of the
sites were estuarine (i.e., salinity = 1 to 30 ppt) with reported ammonia con-
centrations ranging from 0.12 to 70.5 pM/¢. The remaining sites (35 percent
or 54 of 152) were marine (i.e., salinity >30 ppt) with reported ammonia con-
centration ranging from 0.04 to 63.4 pM/AL.

When grain size was reported, generally only qualitative information was
given (e.g., sand, silt, and clay). Based on this limited descriptive information,
there did not appear to be a relationship between the sediment grain size and
clevated levels of ammonia.

Sixty-seven percent (102 of 152 sites) of the studies reviewed reported total
organic carbon (TOC). There does not appear to be a relationship between
TOC and elevated ammonia concentrations (Table 1). -

Many of the sites (85 percent or 129 of 152) reported pore water ammonia

concentrations as a function of sediment depth. For data reported in this way,
- higher concentrations were associated with sediment deeper than 30 cm.
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Location of sediment pore water samples reported in literature

Figure 1.
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The most commonly used method for pore water collection was by centrifu-
gation (i.e., 39 percent or 59 of 152 sites for which a method was reported).
Spectrophotometric procedures were the most frequently used methods of
analysis (i.e., 74 percent or 113 of 152).
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5 Dredged Material Data

Pore water concentrations of ammonia were obtained from seven
U.S. Ammy Corps of Engineers Districts and Divisions and included 13 fresh-
water, 21 estuarine, and 5 marine sites. A summary of ammonia concentra-
tions reported for sediment pore water in dredged material is given in Table 2.

In general, concentrations of pore water ammonia reported in the dredged
material survey (median concentration = 13.9 pM/f) were higher than values
reported in the literature (median concentration = 1.3 pM/f). Pore water
ammonia concentrations for freshwater sites ranged from 1.06 to 662.4 pM/L.
Pore water ammonia concentration for estuarine sites ranged from 3.82 to
112 pM/t. Reported pore water ammonia concentrations for marine dredged
material sites ranged from 53.6 to 104.0 pM/L.

Because of the lack of reported available data, no relationships could be
established between sediment grain size, TOC, or depth of sediment collection
with pore water ammonia concentration.

Similarly, very little information was provided regarding analysis. Of the
methods reported, the most common methods of collection were centrifugation
and squeezing; the only method of analysis given was the ion-selective
electrode.
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6 Effects Data

Effects concentrations of ammonia in aquatic organisms were obtained from
42 publications for 120 freshwater (i.e., 68 invertebrates and 82 fish) and
72 marine species (i.e., 49 invertebrates and 23 fish). Nearly all the studies
reviewed (95 percent or 40 of 42) examined effects of ammonia using aqueous
exposure (i.e., no sediments). Data are summarized in Table 3.

Freshwater invertebrates showed effects on survival at concentrations
between 2.1 and 1,340 pM/0. Reported effects on survival, growth, and/or
other physiological responses for freshwater fish were found at concentrations
between 1.2 and 423 pM/e.

In this paper, median effect concentrations were similar for marine fish and
marine invertebrates (48.5, 58.7 uM NH,/{, respectively). The median effects
concentration for freshwater fish (44.9 pM NH,/0) was less than half of that
for freshwater invertebrates (99.8 pM NH,/0). This suggests that freshwater
invertebrates are much more tolerant of ammonia on the average than other
species evaluated.
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7 Discussion

A comparison of Tables 1, 2, and 3 indicates that effects concentrations are
on average an order of magnitude higher than reported pore water ammonia
concentrations. In an attempt to quantify these differences, exposure and
effects data were plotted as cumulative probability curves (Figure 2). Effects
data were plotted using either the LCSO/EC50 information or, preferentiaily,
the LOEC if available. This figure allows a direct comparison of exposure and
effects data. The likelihood (i.e., probability) of occurrences for any particular
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concentration along these curves can be determined by noting the correspond-
ing “y” value for that concentration. For e+ample, this figure indicates that
10 percent of all reported exposure concer. tions (Tables 1 and 2) and nearly
30 percent of the reported dredged materia: cxposure concentrations (Table 2
only) were >40 pM NH,/¢ (see arrows intersecting exposure curve, Figure 2).
A similar evaluation of the effects distribution (Figure 2) shows a substantial
number of reported effects concentrations (>45 percent for fish and >25 per-
cent for invertebrates) were <40 pM NH,/0. This would suggest that the risk
of pore water ammonia toxicity in dredged material bioassays may be
significant.

Before any definite conclusions can be drawn regarding ammonia toxicity
based upon exposure and effects concentrations, a number of potential biases
must be considered.

Even if the data in Tables 1, 2, and 3 and Figure 2 are reflective of natu-
rally occurring ammonia concentrations, organisms are not continuously
exposed to these concentrations. A simplistic comparison of effects and pore
water exposure concentrations may be misleading. For example, fish generally
do not come into contact with undiluted pore water. The only time fish may
come into contact with pore water ammonia in dredged material toxicity test-
ing is during elutriate tests designed to evaluate the transient water column
effects of dredged material disposal. During elutriate tests, whole sediment is
slurried with dilution water in a 1:4 volume ratio (sediment:water), allowed to
settle, and exposures are prepared from the resulting overlying water. In these
tests, the risk of ammonia toxicity is probably small because of dilution and
oxidation.

Secondly, whole sediment tests are usually conducted with benthic infaunal
invertebrates. Many of these animals (e.g., polychaetes and amphipods) are
tube builders that circulate oxygenated overlying water through burrows, sub-
stantially reducing or even eliminating exposure to pore water ammonia. The
relative insensitivity of certain species (e.g., crayfish) to ammonia in aqueous
exposures would suggest that physiological adaptations may also be possible
(Table 3), though no data has been found in the literature to support such an
assumption.

The sheer diversity of information and lack of comparability among data
sets reviewed during this study (i.e., differences in collection, analysis, and
reporting of data) make estimating the potential risk of pore water ammonia
elevations in sediment toxicity problematic (only 2 of 43 studies reviewed
reported exposing test organisms to sediments with adjusted pore water con-
centrations of ammonia). To provide a more certain estimate of the potential
risk of pore water ammonia toxicity in dredged material bioassays, it would be
necessary to begin collecting effects information in a way that reflects probable
exposure (i.e., via sediment pore water). Dredged material data sets were not
large enough to adequately characterize the distribution of ammonia exposure
and effects concentrations. Until this information becomes available, the
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assumption must be made on the basis of this review that sediment pore water
ammonia represents potentially significant toxicant in dredged material

bioassays. \
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